Nowadays monitoring pharmaceutical residues from surface waters is a widespread analytical task. Most of the studies are conducted from river waters or sewage treatment plants and mainly in Western Europe or North America. Such studies are seldom published from Eastern Europe, especially from stream waters, even though the prescription and consumption patterns of drugs as well as wastewater treatment procedures are very dissimilar. In Hungary the active substance of the most oen prescribed drugs are cardiovascular and antiulcer agents. Hence in our study compounds belonging to these two groups were seasonally monitored in two main streams encompassing the Buda side of the Hungarian capital city and �owing into the Danube. To obtain data on the occurrence, fate, and seasonal variation of the compounds, samples were taken from altogether eleven points located near wastewater treatment plants and con�uences. e results gave no identi�able pattern in the seasonal variation of concentrations but the contribution of the tributaries and wastewater treatment plants could be followed as expected. From the runoff corrected estuary concentrations the annual contribution of these streams to pharmaceutical pollution of the Danube could be estimated to be in excess of 1 kilogram for atenolol, famotidine, metoprolol, ranitidine, and sotalol.
Introduction
Pharmaceuticals are emerging contaminants in the environment. Aer digestion and excretion, due to nonefficient wastewater treatment procedures as well as the improper disposal of expired or nonused drugs they end up in surface waters. Regarding the facts that pharmaceuticals mean a continuous input in the environment and that they are designed to affect the human endocrine systems and additionally to be persistent it is worth to monitor their presence and variation in surface waters. Nowadays more and more surveys are published concerning the determination of pharmaceuticals from surface waters, especially from rivers and of course from sewage treatment plant in�uent and effluent samples to estimate the removal efficiency during the treatment processes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . It can be set out that most of these studies have been conducted in Western Europe and in North America but very little is known about the situation in Eastern Europe, even though the environmental concentrations may be very different due to differing patterns of usage, water consumption, and operation conditions of wastewater treatment. As far as we know similar study in Eastern Europe has been conducted only in Romania from Somes River [14] [15] [16] and in Hungary from Danube [17] [18] [19] . In these latter cases mainly the widely investigated nonsteroidal anti-in�ammatories were monitored with �C-MS.
Once pharmaceuticals reach surface waters, they can be transformed mainly via biodegradation and photodegradation or they can adsorb onto suspended particles in the water. e concentrations in surface waters are very much dependent on the contribution of the wastewater �ow to the receiving water �ow and therefore on the dilution of the wastewater. Additionally, when a smaller water �ow, such as a stream, �ows into an exceedingly larger one the effect of dilution is even more signi�cant. Regarding the aquatic organisms this secondary dilution has a positive effect because it means a less harmful milieu for them. But from the researchers' viewpoint it generates difficulties in carrying out an adequate environmental monitoring study: representative sampling, dilution corrections, and authoritative determination of low concentrations. Taking into account these elements of uncertainty we have designed an environmental loading study on pharmaceuticals in surface waters based on the two main streams encompassing the Buda-side of the capital city of Hungary. ese streams both �ow into the Danube, the second largest river in Europe. e aim of our study was (1) to obtain systematic, comprehensive, and measurement based data on the occurrence and fate of cardiovascular and anti-ulcer agents, in stream waters by seasonal sampling and (2) to estimate their environmental loading effect by calculating the streams' runoff data from their �ow rate and cross-section at the estuaries. Furthermore the results of this study are expected to provide authoritative information for environmental scientists on real in�uent concentrations and on the contribution of wastewater treatment plants (WWTP) located in the suburban townships.
Material and Methods

Description of the Sampling Site Area and Sampling.
Aranyhegyi Stream is a 2� km long water �ow with a catchment area of 120 km 2 which surrounds Buda from north. It has three main tributaries from the six townships of the catchment area with almost 41,000 inhabitants altogether. Along this stream one tertiary and two secondary WWTPs are located. Furthermore from one of the townships diffuse contamination can be expected due to the lack of a drainage system.
Hoss��r�ti Stream is a 1� km long water �ow with a catchment area of 114 km 2 which surrounds Buda from south. It also has three main tributaries from the three townships of the catchment area with a population of more than 55,000 inhabitants altogether. Along this stream two tertiary and one secondary WWTPs can be found. Furthermore near a tract housing there is a damming to amend the quality of the stream water.
Four sampling campaigns were conducted in April, July, and October 2010 and in January 2011 (see Figure 1 and Table 1 ). With this seasonal sampling the effect of different weather conditions-such as air and water temperature, fall, and solar radiation-which can cause differences in the degree of dilution and photodegradation on the measured concentrations, could be followed. Along Aranyhegyi Stream six sample points were located: (1) aer a tertiary WWTP, (2) aer a secondary WWTP and the con�uence of one of the main tributaries, (�) aer another tributary con�uence, in the area of the probable diffuse contamination, (4) precisely this sample was taken from the third main tributary aer a secondary WWTP, but before the con�uence to Aranyhegyi Stream, (5) where the stream enters into the area of Budapest, and �nally (�) at the estuary. Along Hoss��r�ti Stream �ve sampling points were located: (1) aer the �rst main con�uence and a tertiary WWTP, but before a secondary one, (2) aer a further tertiary and a secondary WWTP and the con�uence of another main tributary, (�) before the con�uence of the third main tributary, (4) aer the waterquality amender damming, and �nally (5) at the estuary (see Figure 1 ).
Owing to the fact that the streams are shallow and narrow all samples were taken from the mid-width of the streams and at least 10 cm under the surface. Samples were collected in a plastic vessel and at each point three parallels of 500 mL were exactly measured with a measuring cylinder into a brown amber glass bottle prerinsed with the actual stream water. All the samples were spiked with 500 L internal standard solution that contained all four internal standards at a concentration of 50 ng mL −1 . e temperature of the samples was also measured on the spot. e samples were brought to the laboratory within a few hours, where their pH was also measured. e samples were stored at 4 ∘ C until processing but no longer than 48 h (see Table 1 ).
To enable runoff calculations besides the �ow rate the width and depth of the concreted stream basins were measured at the estuaries of both streams. e �ow rate of the streams was determined as the average of the time needed for �ve equal si�ed �oating sticks to take a predetermined distance. e runoff was calculated as the product of the cross-section and the �ow rate. Based on the measured concentrations of each detected compound and the calculated runoff data annual environmental loading could be estimated.
Chemicals and Materials.
All pharmaceutical standards were of high purity grade (>90%). Acebutolol, atenolol, betaxolol, carvedilol, cimetidine, esmolol, metoprolol, nifedipine, nizatidine, oxprenolol, propranolol, and sotalol were purchased from Sigma-Aldrich (Hungary). Atorvastatin-calcium, famotidine, lisinopril⋅2H 2 O, lovastatin, pantoprazole-sodium, ranitidine⋅HCl, ramipril, and simvastatin were from Wessling and Co. by courtesy. Atenolol-d 7 , enalapril-d 5 , and lansoprazole-d 4 were purchased from CDN Isotopes (Quebec, Canada). Nimodipine and omeprazole were from Calbiochem (Darmstadt, Germany). Fluvastatinsodium was from USP (Rockville, MD). Amlodipine besylate and enalapril maleate were from Richter Gedeon Co. by courtesy. Lansoprazole was from LGC Standards (Wesel, Germany). Acetonitrile, methanol of HPLC gradient grade quality; acetone, n-hexane, and dichloromethane for gas chromatography; diethyl-ether and ethyl-acetate for chromatography were from Merck (Darmstadt, Germany). Water was deionized in our laboratory using a Millipore (Billerica, MA, USA) Milli-Q water puri�cation system. Ammonium formate (cryst. extra pure, Ph Eur), ammonium acetate (cryst. extra pure, Ph Eur), formic acid (extra pure, Ph Eur), and acetic acid (extra pure, Ph Eur) were form Merck (Darmstadt, Germany). 25% aqueous NH 4 OH (analytical grade) was also from Merck (Darmstadt, Germany). Paper �lters (3hw type) were purchased from Spektrum-3D (Hungary).
Standard and internal standard stock solutions of 1 mg/mL were prepared in methanol, with the exception of statin compounds (atorvastatin, �uvastatin, lovastatin, and simvastatin), which were prepared in acetonitrile because they proved to be degradable in methanol [17] . All stock solutions were stored at −18 ∘ C in a refrigerator for a maximum time of two months. Working and calibration solutions were prepared in 10% methanol in Millipore water and stored in the dark below 4 ∘ C.
Sample Preparation and Analytical
Method. e details of sample pretreatment and the validated analytical method are discussed elsewhere [17] but brie�y summarized below. All samples were �ltered through paper �lter before their pH was adjusted to 10 with 25% aqueous NH 4 OH. For solid phase extraction Oasis HLB cartridges (500 mg, 12 cc, Waters) were conditioned with 5 mL n-hexane, 5 mL acetone, 10 mL methanol, and then equilibrated with 10 mL Millipore water, pH adjusted to 10, with 25% aqueous NH 4 OH. 500 mL of samples were introduced to the cartridges through PTFE tubes at a �ow rate of 3-4 mL min −1 . Aer sample loading, the solid phase was washed with 2 mL of 5% methanol in 2% aqueous NH 4 OH. Cartridges were then dried for at least 10 min with air �ow induced by the vacuum of the SPE manifold, and subsequently, the pharmaceuticals were eluted with 2 × 2.5 mL methanol. e effluents were evaporated to dryness by a gentle stream of nitrogen and reconstituted in 500 L of 10% methanol in Millipore water before injection.
Liquid chromatographic (LC) separations were carried out on an Agilent 1200 system (Agilent Technologies, Germany). Sample aliquots of 5 L were injected with needle wash (from �ushport, acetonitrile-methanol 1 : 1 (v/v), 5 s) onto a Zorbax Eclipse Plus-C18 column (2.1 × 100 mm, 1.8 m) equipped with an in-line �lter containing replacement frits (2 mm, 0.2 m). e column was kept at 50 ∘ C.
Gradient elution was carried out at a �ow rate of 250 L min
with 10 mM ammonium acetate, pH adjusted to 5 with acetic acid as eluent A and acetonitrile with 0.15% acetic acid as eluent B. e elution started with 10% eluent B and then the amount of it was linearly increased to 80% within 4 min, and within another 4 min to 100%. is eluent composition was held for 4 min, and then the percent of eluent B was immediately lowered back to 10%. Before the next injection, the system was allowed to equilibrate for 8 min generating a whole analytical run of 20 min. e �ow from the LC column was transferred to an Agilent 6460 Triple Quadrupole mass spectrometer (Agilent Technologies, Germany) equipped with an electrospray ionization source, supported by the new Agilent Jet Stream Technology. e temperature and the �ow rate of the sheath gas were 350 ∘ C and 11 L min −1 , respectively. Nitrogen was used as desolvation and nebulizer gas at a temperature of 350 ∘ C, a �ow rate of 10 L min −1 , and a pressure of 35 psi. e capillary voltage was 3500 V, while the nozzle voltage was 1000 V. e collision gas was also nitrogen. Positive ions were acquired in multiple reaction monitoring (MRM) mode. e compounds were grouped into two time segments. In the �rst one there were seven compounds with atenolold 7 and cimetidine-d 3 internal standards. In the second one were the other nineteen compounds with enalapril-d 5 and lansoprazole-d 4 internal standards. Dwell time of the �rst time segment was 50 ms, while that of the second one was 25 ms. For quantitation a combination of matrix-matched and internal standard calibration was used. Matrix-matched calibration solutions were prepared by extraction of 100 mL Danube water samples applying the same sample pretreatment procedure as for the stream samples. Aer evaporation the samples were reconstituted in 500 L calibration solutions from 5 to 6000 ng mL −1 all containing the four internal standards at a concentration of 50 ng mL −1 . Calibration curves were generated using linear regression analysis. For all compounds two MRM transitions were monitored: the more intensive was used for quantitation and the less intensive for con�rmation. Other con�rmation parameters were the ratio of the two MRM transitions and the retention time of the compounds (see Table 2 ). All three parallels of samples were injected two times and for further deductions the average of the six measured concentrations were used. Linearity, detection limit, and quantitation limit for each analyzed compound are summarized in Table 3 .
Results and Discussion
During the seasonal monitoring twenty-six pharmaceutical compounds (nineteen cardiovascular and seven anti-ulcer agents) were targeted and except the anti-ulcer substance cimetidine all of them were detected at least once. Five cardiovascular compounds (acebutolol, amlodipine, carvedilol, nifedipine, and simvastatin) were sporadically detected and three of them (acebutolol, amlodipine, and carvedilol) were only found in Aranyhegyi Stream. Some compounds showed a month characteristic appearance and could not be detected in each season: the cardiovascular acebutolol, amlodipine, and lovastatin were found only in October, the cardiovascular betaxolol, carvedilol, esmolol, and simvastatin were found in October and January, while the cardiovascular �uvas-tatin and the anti-ulcer lansoprazole and omeprazole were found in October and July. Furthermore the cardiovascular oxprenolol was only detected in January, enalapril was never detected in July, and with atorvastatin they were only found in January from Hosszúréti Stream, while lisinopril was found in July and January from Aranyhegyi Stream and in October and January from Hosszúréti Stream. e average, minimum and maximum concentrations of all the substances are summarized in Table 4 . Ten compounds could be used to follow seasonal variations in concentrations as well as the WWTPs' contribution: four -blockers, one ACE-inhibitor, one HMGCoA reductase, three H 2 -antagonists, and one proton-pump inhibitor. For evaluating seasonal variations the measured concentrations of each compound were averaged over the sampling points in each season which is summarized in Table 5 . Since no seasonal variation pattern of the concentrations can be seen, therefore it can be stated that the compounds' concentrations are more dependent on the substances physicochemical properties-that determine their persistence, removal efficiency, and transformation procedure in the environment-than on climatic or weather conditions.
Overall the -blocker metoprolol was detected at very high concentrations in both streams, and its highest concentration was measured in October. In Aranyhegyi Stream no big variations in the concentrations of atenolol, pantoprazole, and ramipril can be seen, while for famotidine, nizatidine, and sotalol an extremely lower concentration was detected in 2  189  36  7  65  29  Ramipril  3  56  14  4  33  13  Ranitidine  5  1451  257  15  478  167  Simvastatin  11  16  13  11  71  31  Sotalol  50  663  160  76  496  211 October compared to the other three campaigns. Extraordinarily higher concentration was detected for atorvastatin in April, for propranolol in October, and for ranitidine in April and January. Regarding Hosszúréti Stream all the samples were less contaminated, the measured concentrations were lower in general. For atenolol and nizatidine the concentrations were similar in each month, while for pantoprazole and propranolol an extremely lower concentration was detected in April. Extraordinarily higher concentrations were measured for famotidine in April and January, for ramipril in July, for ranitidine in January, and for sotalol in April.
To facilitate the evaluation of the contribution of WWTPs and tributaries the measured concentrations were averaged at each sampling point over the four months and summarized in Table 6 .
On the contrary to seasonal variations in this case a pattern could easily be observed. In Aranyhegyi Stream a continuous decline in the measured concentrations can be observed from the �rst to the third sampling point for each compound. is is due to the effective dilution from the tributaries in spite of the WWTPs' contribution to contamination. e fourth sampling point was located in one of the tributaries that has a remarkable contribution to the concentrations of almost all compounds, except atorvastatin and ramipril. Comparing the third sampling point with the �h one four compounds' concentrations were almost unchanged (atenolol, atorvastatin, nizatidine, and ramipril), �ve compounds' concentrations decreased (famotidine, metoprolol, propranolol, ranitidine, and sotalol), while the concentration of pantoprazole increased. is latter observation indicates that for pantoprazole the contamination contribution of the tributary could not be diluted as effectively as for the other nine compounds. Even though between the last two sampling points there is not any expected contamination source some of the compounds (atorvastatin, famotidine, metoprolol, nizatidine, and sotalol) have higher concentration in the estuary sample than before. is can be explained only by a nonexpected contamination source such as illegal waste effluent or improper disposal of drugs.
In Hosszúréti Stream the results of the �rst and the second sampling point reveal a remarkable and increasing contamination. Most probably the sources of this anticipated contamination are the tertiary and secondary WWTPs, the contribution of which cannot be compensated by the tributaries' dilution effect. In case of the third sampling point, however, only concentration decrease could be expected; nevertheless three compounds' concentration increased. Since the fourth sampling point was located aer a damming a remarkable decline was expected in the concentrations. is expectation was met for almost all the compounds, but compared to the third sampling points results a little increase was observed for atenolol and sotalol and extremely (almost ten times) higher concentration was measured for ranitidine. ese concentration increases can arise due to the activity of the microorganisms in the damming lake which reconvert the glucuronide conjugates of the pharmaceutical metabolites into the parent compound. e occurrence of such processes in surface waters is already known for various compounds [4, 20, 21] . For the estuary sample almost all compounds' concentrations decreased. e exception of famotidine can be explained only with a non-expected contamination source again.
For authoritative environmental loading the runoff was calculated for both streams in each sampling campaign and the measured concentrations of each compound in the estuary samples were multiplied by those data and the annual contribution of pharmaceuticals to the Danube River pollution was estimated which is summarized in Table 7 .
Twenty-two compounds could be detected in the estuary samples altogether. In general the estimated annual environmental loading from the targeted pharmaceuticals does not reach one kilogram per year, but there are some compounds Journal of Pharmaceutics 7 T 7: Estuary concentrations and runoff corrected annual environmental loading data (runoff data for calculation were summarized in Table 1 Journal of Pharmaceutics which exceed this limit. For both streams these are -blockers (Aranyhegyi: metoprolol, propranolol, sotalol; Hosszúréti: atenolol, metoprolol, sotalol) and two H 2 -antagonists (famotidine and ranitidine). It is again really conspicuous that the -blocker metoprolol causes the highest contamination and its estimated annual contribution to Danube's pollution exceeds 3 kilograms in each campaign from both streams; moreover the estimated annual loading from the Aranyhegyi Stream in October almost reaches 50 kilograms for that compound which cannot be effectively diluted neither in a high volume surface water as Danube.
erefore these estimations demonstrate that the usually measured ng L −1 concentrations of pharmaceuticals from surface waters cause a really high environmental loading annually which means remarkable environmental risk for aqueous living organisms and it should be amended with more effective wastewater treatment processes in Hungary as well.
Conclusions
In our study the two main streams encompassing the Budaside of the Hungarian capital city were sampled in four sampling campaigns at eleven points seasonally. Twenty-six cardiovascular and anti-ulcer agents, as the most prescribed drugs in Hungary, were targeted. From the measured data seasonal variation patterns could not be observed, which means that the climatic and weather conditions have less effect on the concentrations than the physicochemical properties of the pharmaceutical compounds. e eleven sampling points were chosen to facilitate the monitoring of the effect of the main tributaries and the nearby located WWTPs. In most cases these effects followed our expectations but in some cases non-expected contamination sources had to be supposed. e effect of a supposed water-quality amender damming was also investigated and in case of ranitidine the opposite effect was observed probably due to the glucuronide metabolite reconverting activity of microorganisms based on the estuary samples annual environmental loading was calculated and notable concentrations were estimated forblockers, namely, atenolol, metoprolol, propranolol, sotalol, and for H 2 -antagonists, namely famotidine and ranitidine. ese estimations should be a warning for everybody: wastewater treatment processes should be ameliorated to protect aqueous living organisms.
Finally, it should be mentioned that the shown data in this paper are only a good indicator of the expected concentrations, but they could not be completely accurate due to some occasional variations during nonstudied days in the sampling points. More data should be collected in future months to study the tendency of the concentrations.
